INTRODUCTION
Red clover (Trifolium pratense L.), one of several botanical dietary supplements, has been medically used in the alleviation of hot flashes and other menopausal symptoms [1] . Commercial extracts of red clover contain is mainly made up of four compounds. They are mildly estrogenic genistein, isoflavones daidzein, biochanin A and formononetin [2] . Since isoflavones, one of the four compounds it contained can be used as a natural replacement of estrogen, it is popular for its function to alleviate climateric symptoms in older women. Formononetin (7-Hydroxy-4′-methoxyisoflavone, C 16 H 12 O 4 , CAS: 485-72-3, MW: 268.3), one of the major substance in Red clover, has become a focus of study due to its various pharmacological and biological activities, such as anti-tumor [3] , anti-oxidant [4] , anti-bacterial [5] , anti-inflammatory [6] , anti-atherosclerosis [7] , and anti-osteoporosis [8] . Therefore, it is widely used as an additive in the food and pharmaceutical industries. Formononetin is usually extracted from natural plants by organic solvents [9, 10, 11] . For structure and chemical analysis, formononetin of high purity can be obtained by further purification. The most frequently used purification method in the industrial manufacture is crystallization. This is the key process to guarantee the purity and yield of formononetin [12] . Studies indicate that formononetin from Trifolium pratense L. (red clover) processes excellent activity to scavenge free radicals and that its administration can enhance the tissue enzymatic and nonenzymatic defenses of mice and thus prevent the lipid peroxidation formation [13] .
Although formononetin possesses these numerous beneficial activity, its application has been limited by the poor solubility in water. Solubility is essential in the oral bio-availability of functional food and drugs, since low solubility leads to the poor permeability of intestinal epithemlial cells and thus decrease its gastrointestinal absorption.
Lecithin has been used as an ingredient in food, cosmetic and pharmaceutical products. Reports showed that Lecithin extracted from soybeans is biocompatible [14] and that it plays an important part in various functions such as memory, transmembrane signaling, metabolism [15] , cardiovascular health, cognitive and liver function, physical and athletic performance. It has also been used for transdermal drug delivery [16] . In recent years, with its ability to selfassembles at the oil-water interface in various approaches such as micro emulsion [17] , hydrogels [14, 16] , micelles [18] , liposomes [19] [20] [21] [22] , this commonly used zwitterionic phospholipid surfactant has been used as a carrier for many active ingredients with low solubility to increase their bio-availability.
In the present study, in order to increase the solubility and bio-availability of formononetin, lecithin has been used for the first time to interact with formononetin. Firstly, chemical method was used to synthesis the compound of lecithin formononetin (SLF). Then a combination of methods such as UV, IR, SEM, DSC and XRD is used to study the characteristic of SLF.
EXPERIMENTAL Materials
Red clover (Trifolium pratense L.) was collected in Yili, Xinjiang, China in September 2015. The material was authenticated by Prof Korbanjhon Brad of Yili Normal University (The School of Chemistry and Environmental Engineering). A voucher specimen (no. YLNU2015091401) was kept in the herbarium of the university. Lecithin was offered by Sangon Biotech. All the agents used in the following experiment were of analytically pure.
Extraction of formononetin
Dried red clover (Trifolium pratense L.) from were crushed into powder before being soaked in 5 volumes of 90 % methanol for 24 h and then boiled under reflux for 4 h. Repeat the process for two more times. After cooling, filter the extract. Then the extract was filtered using filter paper after cooling. The filtrate was extracted by acetic ether. Then after the acetic ether was removed, the extraction was refluxed by 6 mol/L HCl. The extraction was concentrated by rotary evaporation to obtain crystal. The crystal was recrystallized in 95 % methanol for two more times. Afterward, the purified crystal was dried to obtain a kind of white powder.
Identification of formononetin
UV, FT-IR, NMR, mass spectrometry (MS) and DSC analysis were conducted to identify the obtained formononetin.
Synthesis of lecithin-formononetin complex (SLF)
Tetrahydrofuran (50 mL) was used to disolve 100 mg of formononetin and 250 mg of soy lecithin by magnetic stir at 25 ℃ for 4 h. Then they were filtrated by filtrate paper. Then the SLF was obtained after the solvent was removed.
Preparation of physical mixture of lecithin and formononetin (PMSLF)
100 mg of formononetin were fully mixed with 250 mg of lecithin to obtain the physical mixture.
UV, FT-IR and NMR analyses
Methanol (10 mL) was used to dissolve 1 mg of soy lecithin, formononetin, SLF, PMSLF respectively to conduct the UV spectra analysis. The wavelength was set ranging from 220 to 500 nm. The type of scanning UV spectrophotometer was UV-2500PC, Shimadzu, Japan.
The sample for FT-IR analysis was prepared by a tablet prepared by the crushed powder of 1 mg of sample and 150 mg of dried KBr. The type of Fourier transformed IR spectrophotometer is VECTOR22, Bruker, Germany. The wavelength was set ranging from 4000 to 500 cm -1 [23] .
OPUS software (Bruker Germany) was used to process the recorded data.
A Bruker spectrometer (400 MHz) at a probe temperature of 298 K was used to record the 13C NMR spectra and 1 H spectra [24] .
Scanning electron microscopy (SEM)
A copper testing stub was used as the carrier of the samples. A layer of gold was sputtered on them before testing. Under 10 kV and low vacuum, the micrographs were obtained. The micro-structure of samples was observed by a SU1510 (Hitachi, Japan) scanning electron microscope [25] .
Differential scanning calorimetry (DSC)
The temperature was increased at the speed of 10 °C / min from 30 to 300 °C under the protection of nitrogen. The DSC equipment model was DSC60, Shimadzu, Japan. An in-built software (Shimadzu, Japan) was used to process the recorded data.
X-ray diffractometry (XRD)
A D8 Advance X ray diffractometer (XRD -6100, Shimadzu, Japan) was used to generate 
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). The spectral data confirmed the identity of the substance as the isoflavone, formononetin [26, 27] . Figure 1 showed the UV spectra of lecithin, formononetin, SLF, PMSLF. The spectrum of SLF and PMSLF were quite similar. Characteristic absorption peaks were observed at 244 and 328 nm in both of the two samples. This suggested that the functional groups that cause these absorption peaks remained unchanged. As shown in Figure 2 , the characteristic absorption peaks of both lecithin and formononetin could be observed in the figure of PMSLF and that the only change is the intensity of these peaks. This suggested that the change was resulted from the pilling up effect of lecithin and formononetin. By the contrast, significant changes were observed at the characteristic absorption peaks of -OH and C=O. This suggested that these functional groups of formononetin had been interacted with lecithin's. Although absorption peak was also observed at 1733 cm-1 in SLF, changes were observed in the shape, width and intensity. This showed that the structure of lecithin was also affected by formonoetin. Figure 3 presented the SEM images of formononetin, lecithin, SLF and PMSLF, the surface of lecithin showed irregular structures of crumbs accumulation and intertwining. It indicated that the molecule of lecithin were easily curled to form a variety of irregular shapes. By contrast, formononoetin appeared as irregularly shaped crystals; PMSLF sample showed the morphology of lecithin and formononetin simply mixed together. The SEM image of SLF different from the three showed that formononetin seemed to incubate in the structure of lecithin.
Spectra analyses
Morphology
Thermal characteristics
The DSC features of the four samples were presented in Figure 4 . An endothermal peak (onset temperature at around 260 °C) was at this temperature that formononetin. This is the starting temperature for the melting of formononetin. Since lecithin is a kind of amorphous material without a certain melting point, no obvious endothermal peak was observed.
The endothermal peak of formononetin was disappeared in the thermograms of SLF and PMSLF, since the thermograms of formononetin was pilled by that of lecithin.
Wave length (nm) 
X-diffractograms
The powder X-ray diffraction patterns of lecithin, formononetin, SLF and PMSLF were shown in Figure 5 . The presence of crystalline organic molecule was indicated by the sharp crystalline peaks indicating the presence of crystalline organic molecule in the powder diffraction pattern of formononetin [28] . Meanwhile, the diffraction pattern of lecithin showed amorphous property with no indication of crystalline peaks. Affected by the containing of lecithin, intensity of peaks in the PMSLF was subdued, while the peaks were completely disappeared in the PMSLF.
DISCUSSION
Formononetin of high purity in the form of white crystal was obtained by solvent extraction, refluxing and recrystallization. Various methods such as NMR, Mass spectrometry, UV and DSC analyses were used to identify the white crystal to be formononetin.
The optimum ratio of formononetin to lecithin for the formation of SLF was 1 : 2.5 (m/m). SLF showed better solubility in comparing to formononetin. Its UV data indicated that it contained the groups that caused some characteristic absorption peaks of formononetin. Judging from significant changes observed in the FT-IR spectrum, several functional groups of formononetin had been interated with lecithin's.
SEM
indicates that formononetin was successfully integrated in lecithin in SLF.
The thermogram of formononetin showed an endothermal peak. Since lecithin is a kind of amorphous material without a certain melting point, no obvious endothermal peak was observed. No obvious endothermal peak was Figure 5 : X-ray diffraction patterns of lecithin (1), formononetin (2), their physical mixture (3) and complex (4) observed in the PMSLF, while the peak disappeared in SLF.
In the XRD analysis, the presence of crystalline organic molecule was indicated by sharp crystalline peaks in the powder diffraction pattern of formononetin. Meanwhile, the crystalline peaks were not presented in the diffraction pattern of lecithin. Affected by the presence of lecithin, the intensity of peaks in the PMSLF was subdued, while the peaks completely disappeared in SLF. This may be caused by the directional polarity end connection of formononetin and lecithin which resulted to the high disparity of the PMSLF molecule and thus displayed a kind of amorphous state. Since the arrangement of amorphous material molecules are more irregular, the free energy is higher, the solubility and dissolution rate is better. This may also be the reason why the solubility of phospholipid complex are better compared with the original crystal materials.
CONCLUSION
The lipophilic solubility of formononetin is significantly enhanced by complexation with lecithin. This is probably due to the fact that formononetin is complexed with lecithin by linkage of several functional groups. The high polarity of lecithin resulted in the higher solubility of the complex in water. The characteristics of SLF are different from those of PMSLF, lecithin and formononetin. Thus, application of formononetin may be enhanced by complexation with lecithin.
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